The essential oils of four lines of Origanum vulgare L. subsp. hirtum (Link) Ietswaart cultivated in Hungary were analysed by GC and GC-MS methods. These oils were found to contain carvacrol, γ-terpinene and p-cymene as main constituents. The antimicrobial activities of the various oils and their authentic individual components were tested on Gram-positive and Gramnegative bacterial strains, two Saccharomyces cerevisiae strains and two Candida albicans strains. No difference in sensitivity was found between Escherichia coli, Staphylococcus epidermidis and the yeast strains tested, but there were marked differences in sensitivity between the proton pump-deficient mutant of E. coli and its wild type as regards the growth inhibition and MIC values.
Until 1980, there was no satisfactory classification of the Origanum genus, but since then the Ietswaart's system has become widely accepted [5] . This postulates that O. vulgare L. has six subspecies with differences in the indumentum, the number of sessile glands on the leaves, bracts and calyces, and the size and color of the bracts and flowers. O. vulgare subsp. hirtum (Link) Ietswaart is native to Albania, Greece and Turkey [6] , but alien to Hungary. Ecologically, this species prefers warm, sunny habitats, and loose, often rocky, calcareous soils, low in moisture content.
Our present study focused on the quantity and nature of the essential oils in O. vulgare subsp. hirtum populations cultivated in Hungary, i.e. under continental climatic conditions. It forms part of a series of wide-ranging investigations into O. vulgare subsp. hirtum that have been conducted in Hungary for several years [1] . The antibacterial activity of essential oils and their main constituents was recognized long ago [4, 7] . In the present work, the antibacterial properties of the essential oils from the aerial parts of four lines of O. vulgare subsp. hirtum were evaluated. These lines were obtained from seeds of a previously selected strain so they should be regarded as offspring of the same population. Our comparative study shows that, though the oil content may vary significantly, the oil composition and the antimicrobial activities of the lines remained similar, and proved to be rather stable.
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The oil contents of the O. vulgare subsp. hirtum lines were high (3.8-7.0%, v/w). Similar results were earlier published on Origanum populations growing in their natural Mediterranean environment [8] . The compositions of the essential oils were determined by GC and GC-MS techniques. Table 1 presents the results of the qualitative and quantitative analyses. The nineteen identified constituents accounted for 97.1-99.1% of the oils. These oils were found to contain carvacrol (61.7-84.2%), γ-terpinene (1.3-16.0%) and p-cymene (4.2-9.5%) as main constituents. The essential oil of sample C also contained an appreciable quantity of thymol (3.1%). The compositional characteristics indicated that all these lines belong to the "carvacrol group" described by Pasquier [9] . The concentrations of the minor components in the four samples varied, but the differences were not significant.
All of the O. vulgare subsp. hirtum oils exerted broad antimicrobial effects on the tested bacterial and fungal strains. The agar diffusion method furnished semiquantitative data on the bacteriostatic and fungistatic effects of the oils ( Table 2 ). The zones of inhibition revealed that the oils had similar activities against bacteria and yeasts. The most sensitive strain among the tested bacteria was the proton pumpdeficient Escherichia coli AG100A. The MIC values varied from 0.04 μL/mL to 0.24 μL/mL for the bacterial strains, and from 0.08 μL/mL to 0.20 μL/mL for the fungal strains tested. The MIC values demonstrated a difference in sensitivity between the two E. coli AG strains. The proton pump-containing E. coli AG100 displayed MIC values that were 2-3 times as high as those for the proton pump-deficient mutant E. coli AG100A. These results suggest that the antimicrobial effects of the tested oils are probably based on proton pump-related mechanisms. The different compositions of the four samples of O. vulgare subsp. hirtum did not appear to have any appreciable influence on the antimicrobial effects tested. The antimicrobial activity of the oil is clearly due to the high activity of carvacrol, as described earlier [7] .
Eleven different components of those commonly found in O. vulgare subs. hirtum essential oils were investigated with regard to their antimicrobial activity ( Table 3 ). The most pronounced effects were shown by thymol and carvacrol (MIC values: 0.31-2.50 μL/mL), but the sensitivities of the bacteria and fungi differed. In the case of carvacrol, E. coli AG100 and AG100A (a proton pump-deficient mutant of E. coli AG100) did not differ in susceptibility, whereas when they were treated with the other compounds, E. coli AG 100A was the more likely to be inhibited. This suggests that carvacrol has a different effect on this bacterial strain: binding to the proton pump may not occur. Limonene and α-terpinene are efficient antimicrobial agents.
The sensitivities of the bacteria and fungi to the oil components were similar, though the effects on the Saccharomyces strains were more explicit than those on the Candida strains. The mitochondriumcontaining Saccharomyces strain (S. cerevisiae 0425 52C, Grand) was not more susceptible than its mitochondrium-less mutant (S. cerevisiae 0425 δ/1). 
Experimental

Isolation of the essential oil:
The flowering shoots were cut off and steam-distilled for 2 h, according to the method in the Pharmacopoea Hungarica VII [10] . The essential oils obtained were dried over anhydrous sodium sulfate, filtered and stored at -18ºC until tested and analyzed. The yields were calculated based on the dry weight of the plant materials.
Gas chromatography:
The GC analysis was carried out with an HP 5890 Series II gas chromatograph (FID), using a 30 m x 0.35 mm x 0.25 μm HP-5 fused silica capillary column. The temperature program was from 60°C to 210°C at 3°C min -1 , and from 210°C to 250°C (2 min hold) at 5°C min -1 . The detector and injector temperature was 250°C and the carrier gas was N 2 , with split sample introduction.
Gas chromatography-mass spectrometry: GC-MS analysis was performed with a FINNIGAN GCQ ion trap bench-top mass spectrometer. All conditions were as above except that the carrier gas was He at a linear velocity of 31.9 cm sec -1 and two capillary columns were used with different stationery phases (DB-5MS and SolGel-WAX; 30 m x 0.25 mm x 0.25 μm). The positive ion electron ionization mode was used, with a mass range of 40-400 amu. Identification of the compounds was based on comparisons with published MS data [11] and a computer library search (the database was delivered together with the instrument), and also by comparison of their Kovats The bacteriostatic and fungistatic activities were determined using an agar-well diffusion method. The essential oils were dissolved in DMSO at concentrations of 2-10 v/v%, depending on the quantity of the oil. Different nutrient agars were used: MTY (minimal-trypton-yeast) for the E. coli F'lac and S. epidermidis strains, LB (Luria-Bertani) for the E. coli AG 100 and AG 100A strains, and 2xYPD (yeast extract-peptone-dextrose) for the yeast strains. The culture broth was inoculated with the bacterial and yeast strains and incubated overnight either at 37°C (bacteria) or at room temperature for 48 h (fungi). Each preculture was diluted 10-100-fold in physiological saline solution (0.9% w/v) before plating on the nutrient agar. Wells 10 mm in diameter were punched into the agar and filled with 50 μL of either the oil solutions or DMSO solvent blank. After incubation, the antimicrobial activity was evaluated by measuring the diameter of the inhibition-zone observed ( Table 2 ).
The MIC (minimal inhibitory concentration) values were determined with the broth dilution assay. The overnight cultures of bacteria and the 24 h cultured yeast strains were diluted 100-fold in physiological saline solution and 50 μL inocula was added to the appropriate nutrient broth. The solutions of the essential oils (dissolved in DMSO at 1%, v/v) were added to the cultures in increasing concentration, and the samples were then incubated for 24 h at 37°C for the bacteria, and for 48 h at room temperature for the yeasts. The MIC was defined as the lowest concentration of the test sample that resulted in complete inhibition of visible growth in the broth (Table 3) . DMSO was used as a negative control, while penicillin, gentamycin and fluconasol were used as a positive control.
